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4,5-Unsaturated  16-hydroxy  prostanoic  acid  derivatives 
displaying  valuable  pharmacological  properties,  e.g.  gastric 
antisecretory,  are  described  herein. 



The  p r e s e n t   i n v e n t i o n   is   c o n c e r n e d   w i t h   n o v e l  

4 , 5 - u n s a t u r a t e d   1 6 - h y d r o x y   p r o s t a n o i c   a c i d   d e r i v a t i v e s   of  t h e  

f o r m u l a :  

w h e r e i n   R  is  -COCH20H,  R1  i s  h y d r o g e n   or  a l k y l   of  1 - 6  

c a r b o n   a t o m s   i n c l u s i v e ;   n  is  an  i n t e g e r   of  f r o m  2 - 4  

i n c l u s i v e ;   Y  is  a  c i s - v i n y l e n e   or  t r a n s - v i n y l e n e   g r o u p ;   a n d  

t h e   (±)  r e f e r s   to  the   c o m p o u n d  s h o w n ,   i t s   m i r r o r   image  or  t h e  

m i x t u r e   of  r a c e m a t e s .  

A l k y l   of  1-6  c a r b o n   a t oms   i n c l u s i v e   r e p r e s e n t e d   i n  

the   f o r e g o i n g   s t r u c t u r a l   f o r m u l a   is  t y p i f i e d   by  m e t h y l ,  

e t h y l ,   p r o p y l ,   b u t y l ,   p e n t y l ,   h e x y l   and  the   b r a n c h e d   c h a i n  

i s o m e r s   t h e r e o f .  



A l s o   i n c l u d e d   in  t h e   i n v e n t i o n   a r e   t h e   i n d i v i d u a l  

s t e r e o i s o m e r s ,   and  t h e   m i x t u r e   of  i s o m e r s ,   w h e r e i n   an  a l p h a  

and  b e t a   i s o m e r   m i x t u r e   is  r e p r e s e n t e d   by  the   wavy  l i n e s   i n  

t h e   a b o v e   f o r m u l a .  

F u r t h e r ,   A l p h a   c o n f i g u r a t i o n s   a r e   r e p r e s e n t e d   by  a 

d a s h e d   l i n e ,   and  B e t a  c o n f i g u r a t i o n s   a r e   r e p r e s e n t e d   by  a 

t h i c k   l i n e ,   in  t h e   a b o v e   f o r m u l a .  

C o m p o u n d s   of  t h e   p r e s e n t   i n v e n t i o n   w h e r e i n   Y  is   a 

c i s - v i n y l e n e   g r o u p   can  b e  r e p r e s e n t e d   by  t h e   f o r m u l a  

w h e r e   R,  R1  and  n  a r e   as  d e f i n e d   a b o v e .   P a r t i c u l a r l y  

p r e f e r r e d   c o m p o u n d s   of  t h i s   g r o u p   a r e   t h o s e   c o m p o u n d s   w h e r e i n  

n  is   3  and  R1  is   C H 3 .  

C o m p o u n d s   of  t h e   p r e s e n t   i n v e n t i o n   w h e r e i n   Y  is   a 

t r a n s - v i n y l e n e   g r o u p   can  be  r e p r e s e n t e d   by  t he   f o r m u l a  

w h e r e i n   R,  R1  and  n  a r e   as  d e f i n e d   a b o v e .  



D e t a i l e d  D e s c r i p t i o n  o f   t he   I n v e n t i o n  

The  n o v e l   c o m p o u n d s   of  t he   p r e s e n t   i n v e n t i o n   d i s p l a y  

v a l u a b l e   p h a r m a c o l o g i c a l   p r o p e r t i e s   as  is  e x e m p l i f i e d   by  

t h e i r   a b i l i t y   to  i n h i b i t   t he   g a s t r i c   s e c r e t i o n   s t i m u l a t e d   by  

s e c r e t o g o g u e s   s u c h   as  h i s t a m i n e   and  p e n t a g a s t r i n   w h i l e  

f u r t h e r m o r e   p o s s e s s i n g   t he   s u r p r i s i n g   a d v a n t a g e   of  l a c k i n g  

t h e   p o t e n t   u n d e s i r a b l e   s i d e - e f f e c t s   d i s p l a y e d  b y   r e l a t e d  

s u b s t a n c e s .  

The  s p e c i f i c   a s s a y   u sed   to  d e t e c t   g a s t r i c  

a n t i - s e c r e t o r y   a c t i v i t y   is  d e s c r i b e d   as  f o l l o w s .  

A d u l t   f e m a l e   b e a g l e   dogs   w e i g h i n g   1 3 - 2 0   kg.  a r e  

p r e p a r e d   w i t h   d e n e r v a t e d   f u n d i c   H e i d e n h a i n   p o u c h e s .   A f t e r   a 

r e c o v e r y   p e r i o d  o f   at   l e a s t   4  weeks   f o l l o w i n g   s u r g e r y ,   t h e  

a n i m a l s   a re   f a s t e d   f o r   a p p r o x i m a t e l y   20  h o u r s ,   t h e n   a r e  

p l a c e d   in  P a v l o v   s t a n d s   and  i n f u s e d   i n t r a v e n o u s l y   w i t h   s a l i n e  

s o l u t i o n s .   The  p o u c h e d   s e c r e t i o n s   a re   c o l l e c t e d   e v e r y   15 

m i n u t e s   and  m e a s u r e d   f o r   v o l u m e   and  t o t a l   a c i d i t y   by  

t i t r a t i o n   w i t h   0 . 1  N   s o d i u m   h y d r o x i d e   to  pH  7 . 0 .   F o l l o w i n g  a  

30  m i n u t e   b a s a l   s e c r e t i o n   t he   dogs  a re   i n f u s e d   w i t h   a  s a l i n e  

s o l u t i o n   of  h i s t a m i n e   d i h y d r o c h l o r i d e   at  a  dose   of  1 . 0  

m g / h r .   A  s t e a d y   s t a t e   p l a t e a u   of  g a s t r i c   s e c r e t i o n   i s  

o b t a i n e d   a p p r o x i m a t e l y   1  hour   f o l l o w i n g   t h e   s t a r t   o f  

h i s t a m i n e   i n f u s i o n ,   at  t h e   end  of  wh ich   t i m e   the   t e s t  

compound   d i s s o l v e d  i n   an  e t h a n o l i c   i s o - o s m o t i c   p h o s p h a t e  

b u f f e r   s o l u t i o n ,   is  a d m i n i s t e r e d   by  a  s i n g l e   i n t r a v e n e o u s  

i n j e c t i o n .   The  d u r a t i o n   of  t h e - a n t i - s e c r e t o r y   e f f e c t s   i s  

d e t e r m i n e d   and  t he   s i d e - e f f e c t s ,   i f   any ,   r e c o r d e d .   T h e  

compound   is  r a t e d   a c t i v e   i f   s t a t i s t i c a l l y   s i g n i f i c a n t  



i n h i b i t i o n   of  s e c r e t o r y   p a r a m e t e r s   o c c u r   f o l l o w i n g   c o m p o u n d  

t r e a t m e n t .  

S t a r t i n g   m a t e r i a l s   s u i t a b l e   f o r   t he   m a n u f a c t u r e   o f  

t h e   c o m p o u n d s   of  t h e   p r e s e n t   i n v e n t i o n   a r e   t h e  

c y c l o p e n t - 1 - e n e a l k a n o i c   a c i d s   and  e s t e r s   of  t he   f o r m u l a :  

w h e r e i n   Y  is  as  d e f i n e d   h e r e i n b e f o r e ,   R2  is  a  p r o t e c t i n g  

g r o u p   s u c h   as  t r i ( l o w e r   a l k y l ) s i l y l ,   t e t r a h y d r o f u r a n y l   o r  

t e t r a h y d r o p y r a n y l   and  R3  is  h y d r o g e n ,   or  a l k y l   of  1 - 6  

c a r b o n   a t o m s ,  i n c l u s i v e .   The  m a n u f a c t u r e   of  t h e s e   s t a r t i n g  

m a t e r i a l s   a r e   d e s c r i b e d   in  E x a m p l e s   1 -12   and  is  o u t l i n e d   i n  

t h e   f o l l o w i n g   c h a r t .  







I n t r o d u c t i o n   of  t h e   o x y g e n a t e d   t r a n s - v i n y l   s i d e  

c h a i n   a t   t h e   2 - p o s i t i o n   of  t h e   c y c l o p e n t a n e   r i n g   is  e f f e c t e d  

by  r e a c t i o n   w i t h   a  s u i t a b l e   o r g a n o m e t a l l i c   r e a g e n t .   T h e  

o x y g e n a t e d   t r a n s - v i n y l   s i d e   c h a i n   g r o u p s   a re   m a n u f a c t u r e d  

f rom  t h e   c o r r e s p o n d i n g   a c e t y l e n e s   by  t h e   p r o c e s s   d e s c r i b e d   b3 

P a p p o   e t   al  in  C h e m i s t r y ,   B i o c h e m i s t r y ,   and  P h a r m a c o l o g i c a l  

A c t i v i t y   of  P r o s t a n o i d s ,   1 7 - 2 6   ( 1 9 7 9 ) .   The  e x a m p l e s   d e s c r i b e  

t h e   m a n u f a c t u r e   of  a  t r a n s - v i n y l s t a n n a n e   s t a r t i n g   m a t e r i a l  

f r o m   t h e   c o r r e s p o n d i n g   a c e t y l e n e .   A f t e r   t he   s i d e   c h a i n   i s  

i n t r o d u c e d ,   t h e   o x y g e n   p r o t e c t i n g   g r o u p s   a re   c o n v e n i e n t l y  

r e m o v e d   w i t h   a  weak  a c i d   s o l u t i o n   such   as  a c e t i c   a c i d .  

Compounds   w h e r e   R i s   a  h y d r o x y m e t h y l k e t o   g r o u p   a r e  

m a n u f a c t u r e d   f rom  a  c o r r e s p o n d i n g   h y d r o x y c y c l o p e n t e n o n e   a s  

e x e m p l i f i e d   in  E x a m p l e   11.   The  h y d r o x y m e t h y l k e t o   compound   i s  

p r e p a r e d   by  t he   c o n j u g a t e   a d d i t i o n   a p p r o a c h .  

When  a  r e s o l v e d   s i d e   c h a i n   is  s u b s t i t u t e d   f o r   t h e  

r a c e m i c   s i d e   c h a i n   t h e r e   is  f o r m e d   a  m i x t u r e   o f  

d i a s t e r e o i s o m e r s .   T h i s   m i x t u r e   of  d i a s t e r e o i s o m e r s   may  t h e n  

be  c h r o m a t o g r a p h e d   to  a f f o r d   t h e   i n d i v i d u a l   s t e r e o i s o m e r i c  

p r o d u c t s .  

The  i n v e n t i o n   w i l l  a p p e a r   more  f u l l y   f rom  t h e  

e x a m p l e s   w h i c h   f o l l o w .   T h e s e   e x a m p l e s   a re   g i v e n   by  way  o f  

i l l u s t r a t i o n   o n l y   and  a r e   n o t  t o   be  c o n s t r u e d   as  l i m i t i n g   t h e  

i n v e n t i o n   e i t h e r   in  s p i r i t   or  in  s c o p e   as  many  m o d i f i c a t i o n s  

b o t h   in  m a t e r i a l s   and  in  m e t h o d s   w i l l  b e  a p p a r e n t   f rom  t h i s  

d i s c l o s u r e   to  t h o s e   s k i l l e d   in  t he   a r t .   In  t h e s e   e x a m p l e s ,  

t e m p e r a t u r e s   a re   g i v e n   in  d e g r e e s   C e n t i g r a d e   (°C)  a n d  

q u a n t i t i e s   of  m a t e r i a l s   in  p a r t s   by  w e i g h t   u n l e s s   o t h e r w i s e  

n o t e d .  



D e s c r i p t i o n   of  t h e   P r e f e r r e d   E m b o d i m e n t s  

The  o p e r a t i o n   of  t h i s   i n v e n t i o n   is  f u r t h e r  

e l a b o r a t e d   by  t h e   r e p r e s e n t a t i v e   e x a m p l e s   b e l o w  

EXAMPLE  1 

4 . 0   P a r t s   of  5 - c h l o r o - 2 - p e n t a n o n e   e t h y l e n e   k e t a l   i s  

m i x e d   w i t h   9 . 0   p a r t s   of  l i t h i u m   b r o m i d e   and  2 . 0   p a r t s   o f  

d i i s o p r o p y l e t h y l a m i n e  i n   30  p a r t s   by  v o l u m e   o f  

t e t r a h y d r o f u r a n   w h i c h   has   been   d i s t i l l e d   f rom  l i t h i u m  

a l u m i n u m   h y d r i d e .   The  m i x t u r e   is  r e f l u x e d   u n d e r   n i t r o g e n   f o r  

48  h o u r s ,   c o o l e d   and  p o u r e d   i n t o   a  m i x t u r e   of  e t h e r   and  w a t e r  

f o r   e x t r a c t i o n .   The  e t h e r   l a y e r   is  w a s h e d   t w i c e   w i t h   w a t e r ,  

t h e n   w i t h   1  N  h y d r o c h l o r i c   a c i d  a n d   t h e n   t w i c e   a g a i n   w i t h  

w a t e r .   The  e t h e r   l a y e r   is  t h e n   d r i e d   o v e r   s o d i u m   s u l f a t e   a n d  

e v a p o r a t e d   u n d e r   r e d u c e d   p r e s s u r e   to  g i v e   5 - b r o m o - 2 - p e n t a n o n e  

EXAMPLE  2 

0 . 1   P a r t s   of  p - t o l u e n e s u l f o n i c   a c i d   is  a d d e d  t o   a 

s t i r r e d   m i x t u r e   of  4 . 2   p a r t s   4 - p e n t y n - 1 - o l   and  5 .0   p a r t s  

d i h y d r o p y r a n .   A f t e r   a b o u t   30  m i n u t e s ,   t h e   m i x t u r e   is  t r e a t e  

w i t h   0 .5   p a r t s   of  t r i e t h y l a m i n e   and  vacuum  d i s t i l l e d   to  g ive .  



2 - t e t r a h y d r o p y r a n y l - 4 - p e n t y n y l   e t h e r :  

EXAMPLE  3 

A  s o l u t i o n   c o n t a i n i n g   1 8 . 5   p a r t s   o f  

2 - t e t r a - h y d r o p y r a n y l - 4 - p e n t y n y l   e t h e r   of  E x a m p l e   2  in  1 2 5  

p a r t s   by  v o l u m e   of  t e t r a h y d r o f u r a n   w h i c h   has  been  f r e s h l y  

d i s t i l l e d   f r o m   l i t h i u m   a l u m i n u m   h y d r i d e   is  c o o l e d   t o  

a p p r o x i m a t e l y   - 3 0 ° C   and  t r e a t e d   w i t h   46  p a r t s   by  v o l u m e   o f  

2 .5   m o l a r   n - b u t y l   l i t h i u m   s o l u t i o n   in  h e x a n e .   The  s o l u t i o n  

is  a l l o w e d   to  come  to  room  t e m p e r a t u r e .   A f t e r   a p p r o x i m a t e l y  

30  m i n u t e s   at   room  t e m p e r a t u r e ,   21  p a r t s   o f  

5 - b r o m o - 2 - p e n t a n o n e   e t h y l e n e   k e t a l   of  E x a m p l e   1  is  a d d e d ,  

f o l l o w e d   by  t h e   a d d i t i o n   of  30  p a r t s   by  v o l u m e   o f  

h e x a m e t h y l p h o s p h o r i c   t r i a m i d e ,   w i t h   s t i r r i n g .   A f t e r   1  h o u r  

t h e   r e a c t i o n   m i x t u r e   is  p o u r e d   i n t o   a  m i x t u r e   of  e t h e r   and  1 

N  h y d r o c h l o r i c   a c i d .   The  e t h e r   l a y e r   is  w a s h e d   w i t h   w a t e r ,  

d r i e d   o v e r   s o d i u m   s u l f a t e   and  s t r i p p e d   of  s o l v e n t   in  vacub   t o  

g i v e ,   as  a  c o l o r l e s s ,   v i s c o u s   l i q u i d .  



EXAMPLE  4 

3 0  P a r t s   of  t he   d e c y n y l   k e t a l   of  Example   3  i s  

d i s s o l v e d   in  a  m i x t u r e   of  150  p a r t s   by  vo lume   of  1  N  . 

h y d r o c h l o r i c   a c i d ,   200  p a r t s   by  vo lume   of  t e t r a h y d r o f u r a n   and 

50  p a r t s   by  v o l u m e   of  m e t h a n o l .   The  s o l u t i o n   is  m a i n t a i n e d  

at   room  t e m p e r a t u r e   f o r   48  h o u r s   and  t h e n   r e f l u x e d   fo r   5 - 6  

h o u r s .   The  s o l u t i o n   is  t h e n   c o o l e d   to  room  t e m p e r a t u r e   a n d  

s o l i d   p o t a s s i u m   c a r b o n a t e   is  a d d e d   u n t i l   the   pH  r e a c h e s   7.  : 

The  s o l u t i o n   is  t h e n   s t r i p p e d   to  1 /2   of  i t s   v o l u m e ,   d i l a t e d  

w i t h   w a t e r   and  e x t r a c t e d   w i t h   e t h e r   t w i c e .   The  e t h e r  

e x t r a c t s   a r e   c o m b i n e d ,   w a s h e d   w i t h   w a t e r ,   d r i e d   over   s o d i u m  

s u l f a t e   and  s t r i p p e d   of  s o l v e n t   to  g i v e   9 - o x o d e c - 4 - y n - l - o l  

w h i c h   is  u s e d   w i t h o u t   p u r i f i c a t i o n   in  E x a m p l e   5 .  

EXAMPLE  5 

20  P a r t s   of  9 - o x o d e c - 4 - y n - 1 - o l   of  Example   4  i s  

d i s s o l v e d   in  200  p a r t s   by  v o l u m e   of  a c e t o n e   and  c o o l e d   t o  

0°C.   The  c o l d   s o l u t i o n   is  s t i r r e d   and  t r e a t e d   d r o p w i s e   w i t h  

90  p a r t s   by  v o l u m e   of  2 . 6 7   m o l a r   J o n e s   r e a g e n t   ( c h r o m i c   a c i d  

and  s u l f u r i c   a c i d   and  w a t e r ) .   The  a c e t o n e   s o l u t i o n   i s  

d e c a n t e d   f r o m   t h e   s o l i d   c h r o m i u m   s a l t s ,   which   are  then   r i n s e d  

w i t h   f r e s h   a c e t o n e .   The  a c e t o n e   s o l u t i o n s   a re   c o m b i n e d   a n d  

p o u r e d   i n t o   a  m i x t u r e   of  e t h e r   and  w a t e r .   The  e t h e r   l a y e r   i s  

s e p a r a t e d   f rom  t h e   w a t e r ,   w a s h e d   once   w i t h   w a t e r ,   and  t h e n  

e x t r a c t e d   t h r e e   t i m e s   w i t h   5  p e r c e n t   p o t a s s i u m   c a r b o n a t e  

s o l u t i o n .   The  a l k a l i n e   e x t r a c t s   a re   c o m b i n e d ,   a c i d i f i e d   w i t h  

c o n c e n t r a t e d   h y d r o c h l o r i c   a c i d   and  e x t r a c t e d   t w i c e   wi th   e the r  

and  once   w i t h   e t h y l   a c e t a t e .   The  e x t r a c t s   a re   c o m b i n e d ,  

d r i e d   o v e r   s o d i u m   s u l f a t e ,   and  s t r i p p e d   of  s o l v e n t   to  g i v e  

t h e   p u r e   p r o d u c t ,   9 - o x o d e c - 4 - y n o i c   a c i d .  



EXAMPLE  6 

10  P a r t s   of  t he   9 - o x o d e c - 4 - y n o i c   a c i d   of  Example   5 

is  h y d r o g e n a t e d   a t   room  t e m p e r a t u r e   in  t o l u e n e   c o n t a i n i n g  

a b o u t   0 .5   p e r c e n t   q u i n o l i n e   w i t h   5  p e r c e n t   p a l l a d i u m   on  

b a r i u m   s u l f a t e  a s   c a t a l y s t .   The  t o l u e n e   s o l u t i o n   is  w a s h e d  

w i t h   1  N  h y d r o c h l o r i c   a c i d ,   t h e n   w a t e r .   The  s o l u t i o n   i s  

d r i e d   o v e r   s o d i u m   s u l f a t e   and  s t r i p p e d   of  s o l v e n t   to  g i v e ,   a s ,  

a  y e l l o w   o i l ,   t h e   p r o d u c t   c i s - 9 - o x o d e c - 4 - e n o i c   a c i d .  

EXAMPLE 7 

3 .2   P a r t s   of  p o t a s s i u m   m e t a l   is  added   to  50  p a r t s   b y  

v o l u m e   of  5 - b u t y l   a l c o h o l   and  r e f l u x e d   u n d e r   a r g o n .   A f t e r  

t h e   p o t a s s i u m   has  d i s s o l v e d ,   a  s o l u t i o n   of  2 . 5 2   p a r t s   o f  

c i s - 9 - o x o d e c - 4 - e n o i c   a c i d   and  4 . 8 5   p a r t s   of  d i m e t h y l o x a l a t e ,  

w h i c h   has  been   r e c r y s t a l l i z e d   f rom  h e x a n e   in  25  p a r t s  b y  

v o l u m e   of  t - b u t y l   a l c o h o l   is  added   d r o p w i s e   to   t he   r e f l u x i n g  

s o l u t i o n   o v e r   a  one  h o u r   p e r i o d .  T h e   r e a c t i o n   m i x t u r e   i s  

r e f l u x e d   f o r   2  h o u r s   m o r e ,   c o o l e d   to  room  t e m p e r a t u r e   a n d  

f i l t e r e d  u n d e r  a r g o n .   The  o r a n g e  f i l t e r   cake   is  added   to  a 

m i x t u r e   of  c h l o r o f o r m   and  1  N  h y d r o c h l o r i c   a c i d .   T h e  

c h l o r o f o r m   l a y e r   is  w a s h e d   w i t h   a  s a t u r a t e d   s o d i u m   c h l o r i d e  

s o l u t i o n ,   d r i e d   o v e r   s o d i u m   s u l f a t e   and  s t r i p p e d   of  s o l v e n t  

to  g i v e   t he   p r o d u c t   7 - ( 2 , 3 , 5 - t r i o x o - 4 - m e t h o x a l y l c y c l o p e n t a n e )  

h e p t - 4 - c i s - e n o i c   a c i d   and  i t s   v a r i o u s   t a u t o m e r i c  e n o l   f o r m s .  



EXAMPLE  8 

4 . 0   P a r t s   of  t h e   7 - ( 2 , 3 , 5 - t r i o x o - 4 -  

m e t h o x a l y l c y c l o p e n t a n e ) h e p t - 4 - c i s - e n o i c   a c i d   of  E x a m p l e   7  i s  

a d d e d   to  100  p a r t s   by  v o l u m e   of  1  N  h y d r o c h l o r i c   a c i d   a n d  

r e f l u x e d   u n d e r   a r g o n   f o r   3  h o u r s .   The  s o l u t i o n   is  c o o l e d   t o  

room  t e m p e r a t u r e ,   f i l t e r e d   and  e x t r a c t e d   t w i c e   w i t h   e t h y l  

a c e t a t e .   The  e x t r a c t s   a r e   c o m b i n e d   and  w a s h e d   t w i c e   w i t h  

s a t u r a t e d   s o d i u m   c h l o r i d e   s o l u t i o n ,   d r i e d   and  s t r i p p e d   o f  

s o l v e n t   to  g i v e   a  r e d   o i l .   The  r ed   o i l   is  c h r o m o t o g r a p h e d   on 

s i l i c a   gel   (60  p e r c e n t   e t h y l   a c e t a t e ,   39  p e r c e n t   h e x a n e   and  1 

p e r c e n t   a c e t i c   a c i d   as  e l e u n t )  t o   g i v e  

7 - ( 2 , 3 , 5 - t r i o x o c y c l o p e n t a n e ) h e p t - 4 - c i . s - e n o i c   a c i d   as  a  y e l l o w  

s o l i d   m e l t i n g   a t   7 8 - 8 0 ° C .   and  i t s   v a r i o u s   t a u t o m e r i c   e n o l  

f o r m s .  

EXAMPLE  9 

1 . 1 5   P a r t s   of  7 - ( 2 , 3 , 5 - t r i o x o c y c l o p e n t a n e )  

h e p t - 4 - c i s - e n o i c   a c i d   is  d i s s o l v e d   in  35  p a r t s   by  v o l u m e   o f  

e t h a n o l  a n d   30  p a r t s   by  v o l u m e   of  w a t e r   a n d  c o o l e d   to  0 ° C .  

0 . 5 5   p a r t s   of  s o d i u m   b o r o h y d r i d e   i s  d i s s o l v e d   in  5 .0   p a r t s   by 

v o l u m e   of  w a t e r   and  a d d e d   d r o p w i s e   to  t h e   e t h a n o l   s o l u t i o n .  

A f t e r   t h e   a d d i t i o n   is  c o m p l e t e ,   t h e   s o l u t i o n   is  s t i r r e d   a t  



0°C  f o r   30  m i n u t e s .   The  s o l u t i o n   is  p o u r e d   i n t o   a  s o l u t i o n  

of  e t h y l   a c e t a t e   and  1  N  h y d r o c h l o r i c   a c i d .   The  a q u e o u s  

l a y e r   is  e x t r a c t e d   t h r e e   t i m e s   w i t h   a d d i t i o n a l   e t h y l  

a c e t a t e .   The  e t h y l   a c e t a t e   e x t r a c t s   a r e   c o m b i n e d ,   w a s h e d  

o n c e   w i t h   s a t u r a t e d   s o d i u m   c h l o r i d e ,   d r i e d   ove r   s o d i u m  

s u l f a t e   and  s t r i p p e d   of  s o l v e n t   to  g i v e ,   as  a  v i s c o u s   y e l l o w  

o i l ,   ( + ) 7 - ( 2 , 5 - d i o x o - 3 -   h y d r o x y c y c l o p e n t a n e ) h e p t - 4 - c i s - e n o i c  

a c i d   and  i t s   v a r i o u s   t a u t o m e r i c   e n o l   f o r m s .  

EXAMPLE  10  

2 .0   P a r t s   of  ( + ) 7 - ( 2 , 5 - d i o x o - 3 - h y d r o x y c y c l o p e n t a n e )  

h e p t - 4 - c i s - e n o i c   a c i d   is  added   to  30  p a r t s   by  vo lume   o f  

2 , 2 - d i m e t h o x y p r o p a n e   and  4  p a r t s   by  v o l u m e   of  1  p e r c e n t  

m e t h a n o l i c   h y d r o c h l o r i d e .   The  m i x t u r e   is  a l l o w e d   to  s t a n d   a t  

r o o m   t e m p e r a t u r e   u n d e r   r e d u c e d   p r e s s u r e .   About   4  p a r t s   b y  

v o l u m e   of  e t h e r   is  a d d e d   and  t he   m i x t u r e   is  a l l o w e d   to  s t a n d  

at  room  t e m p e r a t u r e   u n d e r   r e d u c e d   p r e s s u r e .   About   4  p a r t s   b y  

v o l u m e   of  e t h e r   is   a d d e d   and  the   m i x t u r e   is  a l l o w e d   to  s t a n d  

at  room  t e m p e r a t u r e   f o r   an  a d d i t i o n a l   48  h o u r s .   T h e  

s o l i d i f i e d   m i x t u r e   is  t a k e n   up  in  t o l u e n e   c o n t a i n i n g   1 

p e r c e n t   t r i e t h y l a m i n e ,   and  t he   s o l u t i o n   is  w a s h e d  

s u c c e s s i v e l y   w i t h   d i l u t e   p o t a s s i u m   c a r b o n a t e   and  w a t e r ,   d r i e d  



o v e r   s o d i u m   s u l f a t e   and  s t r i p p e d   of  s o l v e n t .   T h e  r e s i d u e   i s  

r e c r y s t a l l i z e d   f rom  e t h e r   to   g i v e ,   as  a  w h i t e   s o l i d   m e l t i n g  

at  8 2 - 8 4 ° C ,   t h e   p r o d u c t ,   ( ± ) m e t h y l - 7 - ( 4 - h y d r o x y - 2 -  

m e t h o x y - 5 - o x o c y c l o p e n t - 1 - e n e ) h e p t - 4 - c i s - e n o a t e .  

EXAMPLE  11 

100  P a r t s  b y   v o l u m e   of  d ry   t o l u e n e   a r e   p l a c e d   in  a 

t h r e e - n e c k   f l a s k   and  c o o l e d   to   - 70*C  in  an  i s o p r o p y l  

a l c o h o l - d r y   i c e   b a t h .   In  s e p a r a t e   d r o p p i n g   f u n n e l s   a r e  

p l a c e d   1 5 . 5   p a r t s   by  v o l u m e   of  1 . 8 3   m o l a r   s o d i u m  

d i h y d r o b i s - ( 2 - m e t h o x y e t h o x y )   a l u m i n a t e   d i l u t e d   w i t h   100  p a r t s  

by  v o l u m e   of  t o l u e n e   and  a  s o l u t i o n   of  6 . 9 2   p a r t s   o f  

( ± ) m e t h y l - 7 - ( 4 - h y d r o x y - 2 - m e t h o x y - 5 - o x o c y c l o p e n t - 1 - e n e )  

h e p t - 4 - c i s - e n o a t e   in  200  p a r t s   by  v o l u m e   of  t o l u e n e .   T h e  t w o  

s o l u t i o n s   a r e   a d d e d   d r o p w i s e   and  s i m u l t a n e o u s l y   to  t h e  

f l a s k .   The  t e m p e r a t u r e   of  t he   f l a s k   s h o u l d   no t   be  a l l o w e d   t o  

e x c e e d   - 6 0 ° C   d u r i n g   t h e   a d d i t i o n s .   The  m i x t u r e   is  s t i r r e d   a t  

- 7 0 ° C   f o r   3 .5   h o u r s   t h e n   at  0°C  f o r   15  m i n u t e s ,   q u e n c h e d   w i t h  

a  s o l u t i o n   of  5 . 0   p a r t s   by  v o l u m e   m e t h a n o l   in  10  p a r t s   b y  

v o l u m e   of  t o l u e n e ,   and  a c i d i f i e d   w i t h   150  p a r t s   by  v o l u m e   o f  

1  N  h y d r o c h l o r i c   a c i d .   The  o r g a n i c   l a y e r   is  s e p a r a t e d ,  

w a s h e d   w i t h   w a t e r ,   d r i e d   o v e r   s o d i u m   s u l f a t e   and  s t r i p p e d   o f  



s o l v e n t .   The  r e s i d u e   is  c h r o m a t o g r a p h e d   on  s i l i c a   gel  ( 7 0  

p e r c e n t   e t h y l   a c e t a t e ,   30  p e r c e n t   h e x a n e   as  e l u e n t )   to  g i v e ,  

as  a  v i s c o u s   o i l ,   (±)  m e t h y l ,  

7 - ( 3 - h y d r o x y - 5 - o x o c y c l o p e n t - 1 - e n e ) h e p t - 4 - c i s - e n o a t e .  

EXAMPLE 12 

The  h y d r o x y c y c l o p e n t e n o n e   of  Example   11  (SOOmg)  i s  

d i s s o l v e d   in  7ml  of  a c e t o n e   and  t r e a t e d   w i t h   7ml  of  one  N 

h y d r o c h l o r i c   a c i d .   The  m i x t u r e   is  a l l o w e d   to  s t a n d   a t  r o o m  

t e m p e r a t u r e   f o r   48  h o u r s .   The  s o l u t i o n   is  s t r i p p e d   u n d e r  

r e d u c e d   p r e s s u r e   to  r e m o v e   mos t   of  t he   a c e t o n e .   The  a q u e o u s  

s o l u t i o n   is  e x t r a c t e d   s e v e r a l   t i m e s   w i t h   e t h y l   a c e t a t e .   T h e  

e x t r a c t s   a re   c o m b i n e d   w a s h e d   once   w i t h   s a t u r a t e d   s o d i u m  

c h l o r i d e   s o l u t i o n   and  d r i e d   o v e r   s o d i u m   s u l f a t e   and  t h e n  

s t r i p p e d   a g a i n   to  y i e l d   an  o i l ,   c y c l o p e n t e n o i c   a c i d .  

A  s o l u t i o n   of  t he   c y c l o p e n t e n o i c   a c i d   ( 5 0 0 m g )  

i m i d a z o l e   (600mg)   in  8  to  10  ml  of  d i m e t h y l f o r m a m i d e   (DMF)  i s  

t r e a t e d   at  room  t e m p e r a t u r e   w i t h   s t i r r i n g   w i th   800  mg  o f  

t - b u t y l   d i m e t h y l   s i l y l   c h l o r i d e .   A f t e r   one  h o u r ,   t h e  

r e a c t i o n   m i x t u r e   is  p o u r e d   i n t o   a  one  to  one  m i x t u r e   o f  

h e x a n e / e t h e r   and  w a t e r .   The  o r g a n i c   l a y e r   is  washed   w i t h  

w a t e r   t h r e e   t i m e s ,   d r i e d   o v e r   s o d i u m   s u l f a t e ,   and  s t r i p p e d  



a g a i n   to  y i e l d   an  o i l .   C h r o m a t o g r a p h y   u s i n g   a  10  p e r c e n t  

e t h y l   a c e t a t e   90  p e r c e n t   h e x a n e   s o l v e n t   s y s t e m   on  s i l i c a   g e l  

g i v e s   600mg  of  p u r e   p r o d u c t ,   a  b i s   s i l y l   e t h e r .   600mg  o f  

t h i s   s i l y l   e t h e r   is  d i s s o l v e d   in  a b o u t   f i v e   ml  of  m e t h y l e n e  

c h l o r i d e   and  t h e n   c o o l e d   to  0°C  in  an  i c e   b a t h .   I t   is  t h e n  ,  

t r e a t e d   w i t h   two  to  t h r e e   d r o p s   of  (DMF)  and  t h e n   w i t h   o x a l y l  

c h l o r i d e   ( 2 0 0 m g )   i n  o n e   ml  of  m e t h y l e n e   c h l o r i d e .   T h e  

r e a c t i o n   m i x t u r e   is  a l l o w e d   to  come  to  room  t e m p e r a t u r e .  

A f t e r   one  h o u r   t h e   s o l u t i o n   is  b lown  to  d r y n e s s .   The  r e s i d u e  

is  t h e n   d i s s o l v e d   in  6ml  of  c h l o r o b e n z e n e   and  t r e a t e d   w i t h  

700mg  of  t r i s   ( t r i m e t h y l - s i l y l o x y - e t h e l e n e )   p r e p a r e d   a s  

d e s c r i b e d   by  A.  W i s s n e r   J.  Org .   C h e m . ,   44 ,   4617  ( 1 9 7 9 )   a n d  

r e f l u x e d   u n d e r   a r g o n   f o r   3  to  4  h o u r s .   The  m i x t u r e   i s   t h e n  

c o o l e d   and  s t r i p p e d   u n d e r   r e d u c e d   p r e s s u r e   to  a  p a s t e   w h i c h  

is   d i s s o l v e d   in  t e t r a h y d r o f u r a n   ( 3 - 4 m 1 )   t r e a t e d   w i t h   one  ml 

of  one  N  h y d r o c h l o r i c   a c i d   and  t h e n   r e f l u x e d   u n d e r   a r g o n   f o r  

one  h o u r .   The  s o l u t i o n   is  c o o l e d ,   d i l u t e d   w i t h   e t h y l  

a c e t a t e ,   and  w a s h e d   w i t h   s a t u r a t e d   s o d i u m   c h l o r i d e   s o l u t i o n .  

The  a q u e o u s   wash  is  e x t r a c t e d   w i t h   c h l o r o f o r m   t w i c e .   A l l  

e x t r a c t s   a r e   t h e n   c o m b i n e d   and  d r i e d   o v e r   s o d i u m   s u l f a t e ,  

t h e n   s t r i p p e d .   C h r o m a t o g r a p h y   of  t h e   r e s i d u e   on  s i l i c a   g e l  

u s i n g   80  p e r c e n t   e t h y l   a c e t a t e   20  p e r c e n t   h e x a n e   s o l v e n t  

s y s t e m   g i v e s   an  o i l .   The  o i l   ( c y c l o p e n t a n e   p r o d u c t )   ( 1 1 0 m g '  

is  d i s s o l v e d   in  2ml  of  (DMF)  c o n t a i n i n g   150mg  of  i m i d a z o l e  

and  t h e n   is   t r e a t e d   w i t h   s t i r r i n g   w i t h   150mg  of  t r i e t h y l  

s i l y l   c h l o r i d e .   The  r e a c t i o n   m i x t u r e   is  s t i r r e d   at  r o o m  

t e m p e r a t u r e   f o r   one  h o u r ,   and  is  d i l u t e d   w i t h   e t h e r ,   w a s h e d  

w i t h   w a t e r   t h r e e   t i m e s ,   and  t h e n   d r i e d   o v e r   s o d i u m   s u l f a t e  



and  s t r i p p e d   to  g i v e   t he   b i s   s i l y l   e t h e r   c o m p o u n d .  

EXAMPLE  13  

2 . 1 2   P a r t s   of  4  ( R S ) - t r i m e t h y l s i l o x y - 4 - m e t h y l - 1 -  

o c t y n e   and  3 . 0   p a r t s   of  t r i - n - b u t y l t i n   h y d r i d e   a r e   m i x e d   an 

i r r a d i a t e d   u n d e r   a r g o n   w i t h   a  s u n l a m p   at  0°C  f o r   2  h o u r s   
a n d  

t h e n   at  55°C  f o r   2  h o u r s .   The  r e s u l t i n g   p r o d u c t   is  u s e d  

d i r e c t l y   in  E x a m p l e   1 4 .  

EXAMPLE  14  

1 . 0   P a r t s   of  t h e   t r a n s - v i n y l s t a n n a n e   p r o d u c t   o f  

E x a m p l e   13  is   d i s s o l v e d   in  3 . 0   p a r t s   by  vo lume   of  d r y  

t e t r a h y d r o f u r a n ,   c o o l e d   to  - 6 0 ° C   and  t r e a t e d   w i t h   0 . 8 7   p a r t s  

by  v o l u m e   of  a  2 .3   m o l a r   s o l u t i o n   of  n - b u t y l l i t h i u m   i n  

h e x a n e .   The  s o l u t i o n   is  s t i r r e d   f o r   an  hour   at  - 6 0 ° C   a n d  

t h e n   t r e a t e d   w i t h   an  e t h e r   s o l u t i o n   c o n t a i n i n g   0 . 2 6   p a r t s   o f  

c o p p e r   1 - p e n t y n y l i d e   and  0 . 6 4   p a r t s   of  
h e x a m e t h y l p h o s p h o r o u s  

t r i a m i d e .   The  s o l u t i o n   is  t h e n   s t i r r e d   f o r   an  a d d i t i o n a l   1 0  

m i n u t e s   at  - 6 0 ° C   and  an  e t h e r   s o l u t i o n   c o n t a i n i n g   0 . 3 5   p a r t s  

of  t he   t i t l e   compound   of  E x a m p l e   12  is  a d d e d .   The  s o l u t i o n  

is  s t i r r e d   f o r   one  hour   and  p o u r e d   i n t o   a  m i x t u r e   of  e t h e r  

and  1  N  h y d r o c h l o r i c   a c i d .   The  e t h e r   l a y e r   was  s e p a r a t e d ,  

w a s h e d   w i t h   w a t e r   t w i c e ,   f i l t e r e d ,   d r i e d   o v e r   s o d i u m   s u l f a t e  



and  s t r i p p e d   of  s o l v e n t .   The  r e s i d u e   is  c h r o m a t o g r a p h e d   on  

s i l i c a   gel   (10  p e r c e n t   e t h y l   a c e t a t e ,   90  p e r c e n t   h e x a n e   a s  

e l u e n t )   to  g i v e   t h e   r a c e m i c   p r o d u c t .  

EXAMPLE  15  

0 . 3 0   P a r t s   of  t h e   r a c e m i c   p r o d u c t   of  E x a m p l e   12  i s  

d i s s o l v e d   in  5 . 0   p a r t s   by  v o l u m e   of  a  3 : 1 : 1   m i x t u r e   of  a c e t i c  

a c i d : t e t r a h y d r o f u r a n : w a t e r   and  is  a l l o w e d   to  s t a n d   at   r o o m  

t e m p e r a t u r e   f o r   a b o u t   30  m i n u t e s .   The  s o l u t i o n   is  d i l u t e d  

w i t h   e t h e r ,   w a s h e d   w i t h   w a t e r   5  t i m e s ,   d r i e d   o v e r   s o d i u m  

s u l f a t e   and  s t r i p p e d   of  s o l v e n t .   The  r e s i d u e   i s  

c h r o m a t o g r a p h e d   on  s i l i c a   gel   (100   p e r c e n t   e t h y l   a c e t a t e   a s  

e l u e n t )   to   g i v e ,   as  a  v i s c o u s   c o l o r l e s s   o i l ,   t h e   p r o d u c t  

r a c e m i c  

4 @ - h y d r o x y - 3 β - ( 4 S ) - ( 4 - h y d r o x y - 4 - m e t h y l - 1 - E - o c t e n y l ) - 2 @ -  

( 8 - h y d r o x y - 7 - o x o - 3 Z - o c t e n y l )   c y c l o p e n t a n o n e .  



EXAMPLE  16 

2 . 1 2   P a r t s   of  ( 4 S ) - 4 - t r i m e t h y l s i l y l o x y - 4 - m e t h y l - l -  

o c t y n e   w h i c h   was  o b t a i n e d   by  t he   m e t h o d   d e s c r i b e d   in  " R e c e n t  

D e v e l o p m e n t s   i n  t h e   S y n t h e s i s   of  A n t i s e c r e t o r y  

P r o s t a g l a n d i n s " ,   R.  Pappo   e t   al  in  C h e m i s t r y ,  B i o c h e m i s t r y  

a n d  P h a r m a c o l o g i c a l   A c t i v i t y   of  P r o s t a n i o d s ,  1 9 7 9   and  3 . 0  

p a r t s   of  t r i - n - b u t y l t i n   h y d r i d e   a r e  m i x e d   and  i r r a d i a t e d  

u n d e r  a r g o n   w i t h  a  s u n l a m p   at  0°C  f o r   2  h o u r s   a n d   t h e n   a t  

55°C  f o r   2  h o u r s .   The  r e s u l t i n g   p r o d u c t   is   u s e d   d i r e c t l y   i r  

E x a m p l e   1 7 .  

EXAMPLE  17 

1 . 0   P a r t s   of  t h e   t r a n s - v i n y l s t a n n a n e   p r o d u c t   o f  

E x a m p l e   16  i s  d i s s o l v e d   in  3 .0   p a r t s   by  v o l u m e   of  d r y  

t e t r a h y d r o f u r a n ,   c o o l e d   to  - 6 0 ° C   and  t r e a t e d   w i t h   0 .87   p a r t  

by  v o l u m e   o f  a   2 .3  m o l a r   s o l u t i o n   of  n - b u t y l l i t h i u m   i n  

h e x a n e .   The  s o l u t i o n   is  s t i r r e d   f o r   an  h o u r   at  - 6 0 ° C   t h e n  

t r e a t e d   w i t h   an  e t h e r   s o l u t i o n   c o n t a i n i n g   0 . 2 6  p a r t s   o f  

c o p p e r   1 - p e n t y n y l i d e   and  0 . 6 4   p a r t   of  h e x a m e t h y l p h o s p h o r o u s  

t r i a m i d e .   The  s o l u t i o n   is  t h e n   s t i r r e d   f o r   an  a d d i t i o n a l   10  

m i n u t e s   at  - 6 0 ° C   and  an  e t h e r   s o l u t i o n   c o n t a i n i n g   0 .35   p a r t s  

of  t h e   t i t l e   p r o d u c t   of  E x a m p l e   12  is  a d d e d .   The  s o l u t i o n   i s  

s t i r r e d   and  p o u r e d   i n t o   a  m i x t u r e   of  e t h e r   and  1  N 

h y d r o c h l o r i c   a c i d .   The  e t h e r   l a y e r   was  s e p a r a t e d ,   w a s h e d  

w i t h   w a t e r   t w i c e ,   f i l t e r e d ,   d r i e d   o v e r   s o d i u m   s u l f a t e   a n d  

s t r i p p e d   of  s o l v e n t .   The  r e s i d u e   is  c h r o m a t o g r a p h e d   on  

s i l i c a   gel   (10  p e r c e n t   e t h y l   a c e t a t e ,   90  p e r c e n t   h e x a n e   a s  



e l u e n t )   to  g i v e   a  m i x t u r e   of  d i a s t e r e o i s o m e r s .  

EXAMPLE  1 8  

0 . 3 0   p a r t s   of  t h e   d i a s t e r e o i s o m e r s   of  E x a m p l e   17  i s  

d i s s o l v e d   in  5 . 0   p a r t s   by  v o l u m e   of  a  3 : 1 : 1   m i x t u r e   of  a c e t i c  

a c i d : t e t r a h y d r o f u r a n : w a t e r   a n d  i s   a l l o w e d   to  s t a n d   at   r o o m  

t e m p e r a t u r e   f o r   a b o u t   30  m i n u t e s .   The  s o l u t i o n   is  d i l u t e d  

w i t h   e t h e r ,   w a s h e d   w i t h   w a t e r   5  t i m e s ,   d r i e d   o v e r   s o d i u m  

s u l f a t e   and  s t r i p p e d   of  s o l v e n t .   The  r e s i d u e   i s  

c h r o m a t o g r a p h e d   on  h y d r o x y a p a t i t e   (6  p e r c e n t   n - b u t a n o l ,   9 4  

p e r c e n t   c y c l o h e x a n e   as  e l u e n t )   to  g i v e   t h e   p r o d u c t s  

4 R - h y d r o x y - 3 - ( 4 S - 4 - h y d r o x y - 4 - m e t h y l - 1 E - o c t e n y l ) - 2 -  

( 8 - h y d r o x y - 7 - o x o - 3 Z o c t e n y l )   c y c l o p e n t a n o n e   and  4 S - h y d r o x y - 3  

- ( 4 S - 4 - h y d r o x y - 4 - m e t h y l - l E - o c t e n y l )  

- 2 - ( 8 - h y d r o x y - 7 - o x o - 3 Z - o c t e n y l )   c y c l o p e n t a n o n e .  



1.  A  c o m p o u n d   a c c o r d i n g   to  t h e   f o r m u l a  

w h e r e i n   R  is  -COCH2OH; 

w h e r e i n   R1  i s :  

(a)   h y d r o g e n ;   o r  

(b)  a l k y l   of  1  to  6  c a r b o n  a t o m s   i n c l u s i v e ;  

w h e r e i n   n  is  an  i n t e g e r   f rom  2  t h r o u g h   4  i n c l u s i v e ;  

w h e r e i n   Y  is  a  c i s - v i n y l e n e   or  t r a n s - v i n y l e n e   g r o u p ;   a n d  

w h e r e i n   t h e   (+)  r e f e r s   to  t h e  s t r u c t u r e   of  f o r m u l a   I ,   i t s  

m i r r o r   image   or  t he   m i x t u r e   of  r a c e m a t e s .  

2.  A  c o m p o u n d   a c c o r d i n g   to  C l a i m   1  w h e r e i n   R1  i s  

m e t h y l .  

3.  R a c e m i c   4 @ - h y d r o x y - 3 β - ( 4 ( R S ) - 4 - h y d r o x y - 4 -  

m e t h y l - 1 E - o c t e n y l ) - 2 @ - ( 8 - h y d r o x y - 7 - o x o - 3 7 - o c t e n y l ) .  

4.  4 R - h y d r o x y - 3 s - ( 4 S - 4 - h y d r o x y - 4 - m e t h y l - l E -  

o c t e n y l ) - 2 a - ( 8 - h y d r o x y - 7 - o x o - 3 Z - o c t e n y l )   c y c l o p e n t a n o n e .  

5.  4 S - h y d r o x y - 3 a - ( 4 S - 4 - h y d r o x y - 4 - m e t h y l - l E -  

o c t e n y l ( - 2 β - ( 8 - h y d r o x y - 7 - o x o - 3 Z - o c t e n y l )   c y c l o p e n t a n o n e .  
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